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Objectives: Positive embodiment and healthy lifestyle habits seem to be related; therefore,
stimulating positive embodiment should promote healthy lifestyle habits. In the current study,
we delivered the Healthy Body Image (HBI) intervention among Norwegian high school students
and examined the effects on healthy lifestyle habits.
Methods: The HBI intervention comprises three interactive workshops, with three overarching
themes related to body image, social media literacy, and lifestyle. A total of 2446 boys (43%) and
girls in grade 12 (mean age 16.8 years) from 30 high schools participated in this cluster-
randomized controlled study. Schools were randomized to the HBI intervention or control
study arm. Data on physical activity, eating habits, and sleep were collected at baseline, post
intervention, and 3- and 12-month follow-up and analyzed using linear mixed regression models.
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Results: The intervention had a minor negative effect on physical activity levels in boys at
12-month follow-up and short-term small-to-moderate positive effects on consumption of break-
fast and fruit and vegetables, and sleep duration on school days.
Conclusions: In future, the lack of satisfactorily long-term effects might be better addressed
using a combination of cognitive and behavioral approaches to more optimally integrate positive
embodiment and lifestyle changes in the daily life of adolescents.
Trial registration: ClinicalTrials.gov ID: PRSNCT02901457. Approved by the Regional
Committee for Medical and Health Research Ethics.
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Introduction
Promoting and optimizing good lifestyle
habits among adolescents is described as
essential for physical, mental, and social
health from a life course perspective, and
adolescents who adopt a healthy lifestyle
during their school years are more likely
to maintain such behaviors as adults.1
Considering the numerous future health
benefits of adopting healthier lifestyle
habits during adolescence, health promo-
tion initiatives are called for.2,3
Lifestyle behaviors are strongly con-
nected with several aspects of mental
health, such as body image.4 One protective
factor counteracting negative body image
perception is positive embodiment. This
concept emphasizes body appreciation as
well as positive connection with and care
for the body.5 Adolescents who grasp the
concept of positive embodiment seem to
become more concerned with the function-
ality of their body than its appearance.6 As
a consequence, they become more aware of
what their body needs to feel healthy and
are more likely to engage in health-
promoting behaviors.7
Successful promotion of positive
embodiment has been reported to trigger
the evolvement of more healthy lifestyle
habits,8 and such lifestyle habits might
be viewed as a tool to care for the body,
leading to feelings of emotional content-
ment and positive well-being.6 Because
favorable changes in positive embodiment
predict changes in lifestyle habits like intu-
itive eating, less dieting, increased fruit and
vegetable intake, and higher levels of phys-
ical activity,9–11 we established these factors
as outcome variables in the current study.
In addition, we included sleep duration
as an outcome because sleep influences life-
style factors12 and is generally critical for
maintaining good cognitive abilities,
mental well-being, and physical health in
children and adolescents.13
To our knowledge, the only two studies
that have successfully accomplished the aim
of promoting both body image and lifestyle
habits are the all-girl body image
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intervention study “New Moves”8 and the
all-boy intervention entitled Physical
Activity Leaders (PALs).14 Unfortunately,
these studies excluded perspectives related
to a mixed-sex sample.
In the present cluster-randomized con-
trolled study, we examined our hypothesis
that the Healthy Body Image (HBI) inter-
vention would bring about favorable
changes in lifestyle habits such as physical
activity, eating habits, and sleep habits
among Norwegian high school students




A cluster-randomized controlled design was
used. Clustering at the school level was nec-
essary to minimize contamination biases
within schools. A random allocation to the
HBI intervention or the control arm in a 1:1
ratio was thought to minimize school differ-
ences in terms of socioeconomic and demo-
graphic variables, including ethnicity and
urban/rural dimensions. Randomization
was conducted by a professional not affiliat-
ed with the study. During the intervention
period, students at the control schools fol-
lowed their regular school curriculum.
Students were informed about their alloca-
tion to the intervention or control group
after the pre-test. Figure 1 presents a dia-
gram of the recruited and included schools
and students, respectively.
Procedures
The study was piloted in March and April
2016 (N¼ 120 high school students in grade
12), which resulted in minor improvements
to the intervention and measurement meth-
ods.15 The HBI intervention included high
school students in all 12th grade classes fol-
lowing a general study program, excluding
those following a vocational study pro-
gram. No further exclusion criteria were
set. During spring 2016, oral and written
study information was provided to students
and staff of all public and private high
schools in Oslo and Akershus County,
with the consent of the school principals.
Adolescents gave their consent to partici-
pate by responding to an e-mail containing
information about the study and an
informed consent document. Students con-
sented by responding “yes” to whether they
consented to participate in the study, upon
which they were redirected to the online ques-
tionnaire package SurveyXact 8.2 (Ramb€oll,
Aarhus, Denmark). The Regional Committee
for Medical and Health Research Ethics
required that students complete the question-
naires outside of regular school hours.
Measures
As described in the study protocol,15 partic-
ipants completed standardized self-report
questionnaires at baseline, post intervention,
and at 3 and 12 months of follow-up, respec-
tively. Post-intervention assessment was
unavailable on the day of the last workshop
but was completed within 1 week.
Demographic variables
Demographic variables were collected at all
measurement points and included age, sex,
body weight (kg), and height (cm). Body
mass index (BMI) was calculated as body
weight (kg) divided by height squared (m2).
Categorization of weight status was based
on international age- and sex-adjusted
cutoff scores.16 Students rated their parents’
total income by selecting one of five
options: less than NOK 200,000; NOK
200,000 to 400,00; NOK 500,000 to
800,000; NOK 900,000 to 1 million; and
more than NOK 1 million. Students also
rated their parents’ educational level as
follows: primary school, high school,
Sundgot-Borgen et al. 3






Consent at 3-months follow-up
(N= 1278)
Invited students at 12-months follow-up
(N= 2446)














Due to resources, only students 
who completed more than 
demographic items received 
request to parcipate in post-
intervenon assessment. 
Intervenon group: Schools (c= 14) 
Students (N= 1499); Boys (n= 632); Girls (n= 867)
Control group: Schools (c=16)




Schools (c= 30); Students (N= 2446)
Recruitment
Schools assessed for eligibility (c*= 50) 
Consenng schools (c= 30)
Students assessed for eligibility (N= 4149)
Excluded schools (c*= 20)
Schools declined parcipang (c= 7)
Non-responding schools (c= 13)
Excluded students due to wrong e-
mail address or had changed schools 
and therefore not reached (n= 202)




Resources made it 
possible to include all 
students who consented 
at pre-test.
Allocaon
Responders who received allocated intervenon:
Workshop I (n= 1309/85 %)
Workshop II (n= 1250/81 %)

























Figure 1. Schools (c*), students (n), and response rate of participating students.
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college/university, or do not know.
Immigration status was assessed via
respondents’ choices among the following
statements: 1) I have immigrated. 2) Both
my parents have immigrated. 3) Neither I
nor my parents have immigrated.
Outcome measures
The measures of lifestyle habits used in this
study, namely, physical activity, meal fre-
quency, frequency of eating breakfast, and
amount of fruit and vegetables consumed,
were chosen because these are positively
associated with and predicted by body
image.10,11,17
Physical activity
Students rated in hours and minutes how
physically active they had been during the
previous week. Physical activity was defined
on the questionnaire as “all bodily move-
ment that led to an increase in body tem-
perature and light to heavy shortness of
breath”. Examples of activities were provid-
ed, such as walking, cycling (including back
and forth to school), skating, dancing, resis-
tance training, hiking, and engaging in
sports activities such as physical education,
organized or unorganized leisure-time
activities, and family activities.18 Students
who reported being physically active
7 hours or more per week were defined as
meeting the current physical activity recom-
mendations for adolescents.19 Self-reporting
was chosen owing to the available resources.
In addition, self-reporting is an accepted
method that balances validity with time
and cost-effectiveness, which can be prob-
lematic in studies with large samples.20
Eating habits
Using a food frequency questionnaire, stu-
dents reported how many days per week
they consumed each meal (breakfast,
lunch, dinner, evening meal, and snack).
Students responded using a 5-point Likert
scale, with 1¼never and 5¼ every day.
Eating all meals every day was defined as
optimal meal frequency.21 In addition,
breakfast was analyzed as an individual
variable because regular breakfast con-
sumption is positively associated with posi-
tive body image.17 For effect analyses,
categorical data (Never, 1–2, 3–4, 5–6, and
7 times per week) were restructured as ordi-
nal data (e.g., 0, 1.5, 3.5, 5.5, 7). The survey
also queried the servings of fruit, berries,
vegetables, and salads consumed (hereafter,
fruit and vegetables), with response catego-
ries ranging from less than one per day to
more than five per day, resulting in the total
daily servings of fruit and vegetables com-
bined. Values for physical activity, meal fre-
quency, eating breakfast, and intake of fruit
and vegetables were also dichotomized
into meeting recommendations (1) or not
meeting recommendations (0), to yield the
percentage of students who met current rec-
ommendations at baseline.22
Sleep
Students rated their total sleep time (TST)
by indicating the nightly hours of sleep on
school and weekend days, separately.
Participants were instructed to avoid
including awake time in bed. The categori-
cal response options were as follows:< 4, 4
to 5, 6 to 7, 8 to 9, 10 to 11, 12, and> 12
hours of sleep; these were recoded as 3.5,
4.5, 6.5, 8.5, 10.5, 12.0, and 12.5 hours of
sleep. The accumulation of sleep debt on
school days was calculated by subtracting
the average TST on school days from TST
on weekend days, with larger positive dis-
crepancies indicating greater sleep debt
accumulation.23
The intervention
The HBI intervention comprised three over-
arching themes related to body image,
Sundgot-Borgen et al. 5
social media literacy, and lifestyle. These
themes have been found to improve physi-
cal self-perception, body satisfaction and
appreciation, physical competence, and
body esteem.24 A sociocultural perspec-
tive25 was considered, given the objective
to change attitudes, beliefs, and knowledge
about idealized lifestyles related to, for
instance, extreme exercise and diet regimes
as well as idealized bodies. Also embedded
in the HBI intervention were an etiological
model of risk and protective factors26
as well as the developmental theory of
embodiment,27 within the realm of positive
psychology.28 An outline of the HBI inter-
vention is provided below, and details are
provided in the study protocol.15
Lifestyle-related workshop content
The body image workshop aimed to improve
students’ awareness of embodiment-
enhancing influences (e.g., people, activities,
social environments) that already existed in
each student’s life, to increase their time
and resources spent on such positive influ-
ences. The media literacy workshop was
intended to make students more critical
consumers and users of social media, so
that they can benefit from social media con-
sumption rather than experience negative
consequences of unhealthy exposure.
In the lifestyle workshop, students dis-
cussed how physical activity as well as reg-
ular sleep and eating habits might promote
the experience of a better functioning body
and mind. To reduce the risk of internaliz-
ing unhealthy ideals, attitudes, goals, or
advice, lifestyle literacy was discussed to
debunk myths and “truths” communicated
via social media (e.g., skipping meals, not
eating breakfast, what is a healthy body fat
percentage, the need for supplementation)
that are clearly in conflict with current
safe guidelines and evidence-based
recommendations.22,29
The intervention followed an interactive
educational approach, which fit well within
the school setting.30 The intervention
content was adapted to the cognitive devel-
opmental level of adolescents with respect
to abstract reasoning. According to the
elaboration likelihood model, several expo-
sures are important to yield an effect, which
are also supported in several studies.24,31
Therefore, the intervention comprised
three 90-minute interactive workshops to
facilitate extensive student discussions. All
workshops were arranged in classrooms
during regular school hours. About
60 boys and girls (i.e., two school classes)
participated per workshop. Student atten-
dance was registered at each workshop,
to assess program adherence. Intervals of
3 weeks between each workshop resulted
in an intervention period of 3 months.
At the time of the intervention, the first
and sixth author were PhD candidates and
led the workshops. Both women hold a
Master’s degree in exercise science and are
specialized in physical activity and health,
sports nutrition, motivational interviewing,
and promoting body image awareness
among adolescents. Both facilitators had
previous experience with intervention
studies conducted in high schools, regularly
presented talks to adolescents on relevant
topics, and completed piloting of the inter-
vention. The two facilitators took part
in development of the questionnaire; the
SurveyXact program was then used to dis-
tribute and collect the data. A detailed
account of the content and targets of the
intervention is provided in the study
protocol.15
Sample size and power analyses
Statistical power estimation was based on
two comparison groups (a¼ .05 and b¼ .20)
with an average within-cluster sample size
of 70 students. The expected effect size was
.28 according to a meta-analysis32 that
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included 35 studies examining the effects of
intervention on body image variables.
Moreover, we assumed that within-cluster
dependency related to schools accounted
for approximately 3% (intraclass correla-
tion coefficient¼ .03). This is appropriate
for variables related to psychological or
mental health outcomes because selection
factors such as socioeconomic status varia-
bles have less effect on these variables than,
for example, academic performance. These
considerations required a minimum of
10 clusters within each group and a total
sample size of 10 schools 2 groups 70
students, or approximately 1400 students.
Statistical analysis
IBM SPSS 24 for Windows (IBM Corp.,
Armonk, NY, USA) was used to carry out
the statistical analyses. The adequacy of the
randomization procedure was examined by
comparing group differences at baseline
using independent t-tests or chi-squared
tests (Table 1). A participant was recorded
as a dropout if all post-intervention and
follow-up data were missing. Owing to
several layers of dependency in the outcome
data, linear mixed regression models were
fit, as suggested in comparable studies.33
Students were nested within schools;
hence, dependency within the school clus-
ters was accounted for by adding school
as a random factor. The dependency
between the repeated measures was
accounted for by fitting a compound sym-
metry matrix to the residual matrices (i.e.,
equal correlations between the repeated
measures, as an autoregressive matrix did
not improve fit). The baseline score was
used as a covariate to adjust for imperfec-
tions in the randomization procedure and
to increase the statistical power. The fixed
factors were group (a coefficient for the dif-
ference between the intervention and the
control group), time (a coefficient for each
time point except the final one, to detect a
nonlinear change), and group time (to
detect whether intervention effects were
particularly pronounced at certain time
points). To examine whether the level
of participation in workshops influenced
the outcomes, workshop attendance (WA;
number of workshops attended) was
added as a linear covariate, as well as inter-
action terms examining whether WA influ-
enced the outcome, particularly at certain
time points (WA time) or additionally
within just one of the groups
(WA time group). Other moderators
were similarly examined. The restricted
maximum likelihood procedure and type
III F-tests were used preferentially. The
analyses were stratified by sex. Effects
were deemed statistically significant if
p< .05, including p-values for the planned
comparison tests (least significant differ-
ence) examining group differences at each
follow-up assessment. Results are expressed
as absolute number (n) and percentage (%)
for categorical data and as model-estimated
mean including 95% confidence interval
(CI) and standard deviation (SD) for con-
tinuous data. Effect sizes are presented
using Hedges’ g and the phi coefficient.
Ethics approval and consent to
participate
The present study was conducted in accor-
dance with the national Health Research Act
and the internationally adopted Declaration
of Helsinki. The study was approved by the
Regional Committee for Medical and
Health Research Ethics (P-REK 2016/142)
and registered in the international database
of controlled trials (www.ClinicalTrials.gov
ID: PRSNCT02901457). Students could
withdraw their consent at any time
and without consequences. Because worksh
ops were held during regular school hours,
participation was mandatory, as for
regular classes. However, students were
informed that they could attend the HBI
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workshops without completing the question-
naires if they preferred. Control schools were
offered one condensed lecture that included
highlights of the HBI intervention, after they
completed the 12-month follow-up.
Results
Sample characteristics and participant
demographics
Baseline data are presented in Table 1.
Thirty schools were randomized and 2446
students consented to participate at pre-
test. Dropout led to 1254, 1278, and 1080
students participating at post intervention
and at 3- and 12-month follow-up, respec-
tively (Figure 1). The included participants
were age 16.8 (SD 0.76) years at baseline.
Students had a mean BMI within the
normal weight range for the current age
group, and 11% and 1% were categorized
as overweight and obese, respectively.
A total 13% were categorized as immi-
grants, 39% had parents with a total
income of 1 million NOK (approximately
100.000 e), and 82% reported that one or
both parents had a higher education level.
The adolescents showed low adherence to
recommendations for physical activity, diet,
and sleep (Table 1). Among girls, the inter-
vention and control groups differed signifi-
cantly with regard to socioeconomic
classification and eating habits, whereas
differences between groups were found
for immigration status and parental income
among boys. Dropout differences were also
adjusted for in the analyses, but this was
only related to meal irregularities in boys
(p< .02–0.01) and in girls (p< .03–.001).
Effect of intervention on lifestyle habits
For physical activity in boys, the main
effects of group and time were not signifi-
cant whereas the effect of the interaction
group time was significant (F2.334¼ 3.25,
p¼ .040). Between-group planned compari-
son analyses showed a small reduction in
physical activity level at post intervention
compared with controls at 12-month
follow-up in boys. No significant effects
were evident in girls (Table 2).
The intervention had no effect on break-
fast consumption among boys. However, in
girls, the main effects of group (F1.772¼ 4.35,
p¼ .037) and time (F2.905¼ 3.59, p¼ .023)
were significant, whereas the interaction
group time was not significant. The
between-group planned comparison analy-
ses showed that girls in the intervention
group reported a small increase in breakfast
consumption compared with girls in the
control group post intervention; this
increase had disappeared at follow-up
assessment (Table 3). With regard to meal
frequency, no significant effects were seen
among boys or girls (Table 3).
Regarding total intake of fruit and vege-
tables, a main effect of group (F1.370¼ 7.72,
p¼ .006 (boys) and F1.816¼ 12.88, p< .001
(girls)) and time (F2.368¼ 5.78, p¼ .003
(boys), and F2.955¼ 6.29, p¼ .001 (girls))
was observed. No interaction effect of group-
 time was found in either boys or girls). In
the intervention group, we observed a slight
increase in intake of fruit and vegetables
among boys and girls at both post interven-
tion and 3-month follow-up, as compared
with the control group (Table 3).
With respect to sleep duration on school
days among boys and girls, the intervention
showed a main effect of group (F1.360¼ 7.81,
p¼ .005, and F1.755¼ 7.30, p¼ .007, respec-
tively) and time (F2.352¼ 3.67, p¼ .026, and
F2.878¼ 5.96, p¼ .003, respectively) whereas
the interaction effect group time was not
significant in either sex. Furthermore, there
was a small increase in sleep duration on
school days among girls in the intervention
group as compared with control girls
at post intervention, and a moderate
increase among boys who completed the
Sundgot-Borgen et al. 9
intervention compared with control boys at
12 months of follow-up (Table 4).
No significant group differences in sleep
duration on weekend days were evident.
Accumulation of sleep debt was not observed
in boys. Among girls, the main effect of group
(F1.744¼ 7.53,p¼ .006)was significantwhereas
time and group time were not. At post inter-
vention and at 12-month follow-up, girls in the
intervention group showed a small reduction
in sleep debt accumulation in comparison with
girls in the control group (Table 4).
Workshop attendance
Among all students in the intervention
group who were requested to take part in
the workshops, 85%, 81%, and 66% were
registered in workshops I, II, and III,
respectively. Attendance did not moderate
the intervention effect on any of the inves-
tigated lifestyle habits.
Discussion
Our hypothesis was partly supported
because short-term positive changes in
eating habits and sleep duration among
both boys and girls were observed after
the HBI intervention; however, long-term
positive effects of the intervention were
lacking.
Our findings regarding a lack of effects
owing to the HBI intervention on physical
activity are similar to those of the body
image study New Moves8 and PALs.14
Girls attending the New Moves interven-
tion positively changed their physical activ-
ity stages of change, but not their actual
activity levels. No changes in mean steps
per day were found for boys who participat-
ed in PALs. Findings from other studies
show that time spent engaged in physical
activity normally decreases during adoles-
cence in both sexes.34 Thus, maintaining
rather than improving physical activity
level might be a more realistic outcome to
target during this period of life.
The PALs study findings showed a small
reduction in the consumption of sugar-
containing beverages, but no change in
fruit and vegetable consumption.14 In the
New Moves study, girls had improved





n PA h/week [95% CI] n PA h/week [95% CI]
Mean
difference [95% CI] p-value (g)
Boys
Baseline* 412 8.27 [7.71, 8.85] 210 8.29 [7.57, 9.01] 0.02 [0.97, 0.92] .961
Post intervention 280 8.10 [7.65, 8.54] 136 7.92 [7.30, 8.55] 0.18 [0.59, 0.95] .646
Follow-up at 3 months 257 7.84 [7.30, 8.37] 136 8.21 [7.42, 8.99] 0.37 [1.32, 0.57] .438
Follow-up at 12 months 201 7.50 [6.80, 8.21] 99 8.99 [7.94, 10.05] 1.49 [2.76, 0.23] .021 (0.22)
Girls
Baseline* 689 6.89 [6.53, 7.27] 361 6.44 [5.94, 6.94] 0.46 [0.17, 1.08] .150
Post intervention 543 6.59 [6.26, 6.91] 266 6.13 [5.67, 6.60] 0.45 [0.11, 1.01] .116
Follow-up at 3 months 549 6.65 [6.33, 6.98] 267 6.56 [6.09, 7.04] 0.09 [0.49, 0.66] .762
Follow-up at 12 months 479 6.55 [6.14, 6.95] 217 6.52 [5.91, 7.14] 0.02 [0.72, 0.76] .953
PA, physical activity; CI, confidence interval.
All estimations were adjusted for school as a random factor, immigration status, parents’ income, and parents’ education
as fixed covariates. When these variables were non-significant, they were excluded from the final model; only immigration
remained a significant covariate for boys.
*Baseline scores are reported as unadjusted observed scores. Baseline PA h/week was included as a covariate. Hedges’ g
presented for significant differences.


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Sundgot-Borgen et al. 11
their stages of change for consumption of
fruit and vegetables at short-term follow-
up.8 The present study results support
these findings as we collected self-reported
consumption information from both boys
and girls; the non-significant differences at
12 months of follow-up showed that the
HBI intervention effects were transient.
Generally, there is a change in levels of
fruit and vegetable intake as adolescents
grow older and have increased freedom of
food choices.35 The HBI intervention might
have increased support for consuming
fruit and vegetables during the
intervention. When the intervention ended,
the experience of support might have faded,
making it difficult to maintain improved
consumption levels over time. Regular,
sustained support and encouragement
could be important to implement post
intervention, to maintain the effects of
intervention over time.
Table 4. Estimated mean scores for the effects of intervention on total sleep time (TST) and sleep debt
during school days and weekend days.a
Intervention Control





Boys TST, school days
Baseline* 448 7.08 [6.96, 7.21] 228 6.93 [6.75, 7.11] 0.18 [0.03, 0.39] .094
Post intervention 258 6.87 [6.74, 7.01] 122 6.72 [6.52, 6.91] 0.16 [0.08, 0.39] .195
Follow-up at 3 months 235 6.95 [6.81, 7.09] 116 6.74 [6.53, 6.95] 0.22 [0.04, 0.47] .096
Follow-up at 12 months 182 6.85 [6.68, 7.02] 87 6.40 [6.14, 6.65] 0.46 [0.15, 0.76] .003 (0.45)
Boys TST, weekend days
Baseline* 448 9.28 [9.12, 9.43] 228 9.07 [8.80, 9.33] 0.20 [0.07, 0.48] .174
Post intervention 258 9.28 [9.12, 9.44] 122 9.28 [9.04, 9.51] 0.00 [0.28, 0.29] .976
Follow-up at 3 months 235 9.18 [8.98, 9.39] 116 9.19 [8.88, 9.50] 0.01 [0.38, 0.36] .959
Follow-up at 12 months 182 9.28 [9.08, 9.47] 87 9.08 [8.79, 9.37] 0.20 [0.15, 0.54] .264
Boys, sleep debt
Baseline* 448 2.17 [1.98, 2.36] 228 2.15 [1.85, 2.45] 0.02 [0.32, 0.36] .906
Post intervention 258 2.36 [2.16, 2.57] 122 2.60 [2.30, 2.90] 0.24 [0.60, 0.13] .201
Follow-up at 3 months 235 2.30 [2.09, 2.58] 116 2.54 [2.21, 2.86] 0.23 [0.62, 0.16] .239
Follow-up at 12 months 182 2.38 [2.12, 2.65] 87 2.61 [2.21, 3.02] 0.23 [0.72, 0.25] .349
Girls TST, school days
Baseline* 711 6.96 [6.87, 7.05] 387 6.85 [6.71, 6.99] 0.11 [0.05, 0.27] .176
Post intervention 521 6.99 [6.90, 7.08] 233 6.76 [6.63, 6.89] 0.23 [0.07, 0.39] .004 (0.25)
Follow-up at 3 months 506 6.91 [6.81, 7.00] 234 6.75 [6.61, 6.89] 0.16 [0.01, 0.33] .070
Follow-up at 12 months 433 6.78 [6.68, 6.88] 197 6.63 [6.47, 6.79] 0.15 [0.04, 0.34] .111
Girls TST, weekend days
Baseline* 711 9.11 [8.99, 9.23] 387 9.08 [8.90, 9.26] 0.00 [0.21,0.19] .968
Post intervention 521 9.04 [8.93, 9.15] 233 9.09 [8.92, 9.26] 0.05 [0.24, 0.15] .629
Follow-up at 3 months 506 8.95 [8.83, 9.07] 234 8.97 [8.79, 9.16] 0.02 [0.24, 0.20] .833
Follow-up at 12 months 433 8.92 [8.79, 9.05] 197 8.99 [8.78, 9.19] 0.06 [0.30, 0.18] .619
Girls, sleep debt
Baseline* 711 2.13 [2.00, 2.26] 387 2.24 [2.05, 2.44] 0.11 [0.35, 0.12] .350
Post intervention 521 2.05 [1.93, 2.17] 233 2.32 [2.14, 2.51] 0.28 [0.50, 0.06] .013 (0.15)
Follow-up at 3 months 506 2.11 [1.97, 2.25] 234 2.19 [1.98, 2.40] 0.08 [0.33, 0.17] .537
Follow-up at 12 months 433 2.05 [1.89, 2.21] 197 2.47 [2.23, 2.71] 0.42 [0.70, 0.13] .004 (0.12)
CI, confidence interval.
All estimations were adjusted for school as a random factor, immigration status, parents’ income, and parents’ education
as fixed covariates in the first model. When these variables were non-significant, they were excluded from the final model.
*Baseline scores are reported as unadjusted observed scores. Baseline TST and sleep debt score were included as
covariates.
aTST scores ranged from 3.5–12.5.
Hedges’ g presented for significant differences.
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At 12-month follow-up, boys in the
intervention group slept longer during
school days in comparison with boys in
the control group; this was the result of a
less reduction in sleep time over the long
term in the intervention versus the control
group for boys. The small reduction in sleep
debt among girls at post intervention and at
12 months of follow-up reflects a healthier
sleep pattern than that among controls,
which has been suggested to be important
for both physical and mental health as well
as cognitive function.36
To promote healthy lifestyle habits
through the HBI intervention, the work-
shops emphasized the benefits of adhering
to evidence-based lifestyle recommenda-
tions while considering students’ busy
schedules. At the same time, we emphasized
that being preoccupied with healthy living
and engaging in extreme lifestyle regimes
that are often promoted in social media
can be harmful. Further, the importance
of autonomy and individual preferences
related to lifestyle choices were highlighted.
One could speculate that our workshops
promoted a relaxed attitude toward lifestyle
habits and promoted positive embodiment
but at the same time reduced students’
interest in lifestyle changes.
In the HBI intervention, the lack of
strong and sustained effects on lifestyle
behaviors could be explained by the use of
a solely cognitive approach in the work-
shops. A cognitive approach was chosen
because this has been described as the
most effective for change in body image
outcomes, which was the main aim of the
overall study.24,37 However, self-monitoring
of behaviors, intention formation, specific
goal setting, providing feedback on perfor-
mance, and review of behavior goals are
described as effective techniques for chang-
ing lifestyle behaviors.38 Regular booster
sessions following the final workshop
aimed at motivating, encouraging, and
reminding adolescents of the information
taught and skills learned could potentially
lead to a more sustained effect. Such meth-
ods have been found to be effective in suc-
cessful body image interventions.39 In
future studies, the interventional approach
might need to include both cognitive and
behavioral change techniques, such as
those in the present study, together with
booster sessions aiming to change cognition
related to positive embodiment as well as
long-term changes in lifestyle habits.24,37,38
Strengths and limitations
To our knowledge, this is the first study to
investigate lifestyle factors as an outcome in
a positive embodiment intervention target-
ing both boys and girls. Our results contrib-
ute to the current literature on positive
embodiment and lifestyle habits among
adolescents and deepen knowledge and
understanding of effective approaches to
changing lifestyle habits among adolescents
via a body image intervention.9 The
strengths of this study include its random-
ized controlled design and user involvement
through the pilot study. Moreover, student
attendance was recorded and long-term
follow-up conducted, specific factors that
have been highlighted in previous
literature.24
In the current study, schools were ran-
domized using a 1:1 ratio to minimize dif-
ferences between intervention and control
schools. Still, differences were found for
immigration and parental education status
in boys and parental income, parental edu-
cation levels, and consumption of breakfast
and fruits and vegetables in girls (Table 1).
This reflects an imperfect randomization.
Studies have shown that adolescents’
eating habits are associated with parental
socioeconomic status.40–42 Because parental
education and income were lower in the
female control group, this might have influ-
enced the additional differences in eating
habits between groups. We believe that the
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effects identified were caused by the inter-
vention and not baseline differences
because effect analyses were adjusted for
baseline scores. In addition, all estimations
were adjusted for immigration status,
parental income, and parental education
as fixed covariates. A main limitation in
this study was the considerable number of
dropouts, especially for boys and control
students. Nevertheless, the dropout rate
did not lower the statistical power to such
a degree that group comparisons became
invalid. There was also a discrepancy
between the rate of participation in each
workshop and the actual questionnaire
response rate. Therefore, we were unable
to capture the effects of intervention
among all students who participated in all
workshops, which could potentially influ-
ence the reported effect. Objective measures
of physical activity levels would have been
more appropriate; however, self-reporting
remains an accepted method that balances
validity with time and cost-effectiveness.20
Finally, the limitation of recall bias is
generic in all studies using self-reporting;43
however, this bias is addressed by the pre-
sent study design.
Conclusion
Overall, the HBI intervention resulted in
only minor, short-term effects on certain
lifestyle habits among our high school
students. This conclusion might appear dis-
appointing, yet it can be informative when
evaluating positive findings of previous
or future studies with a shorter follow-up
and fewer measurement points than in the
present study.
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